The morphology of supratentorial malignant glioma was examined in autopsy brains from three anaplastic astrocytoma and 11 glioblastoma multiforme patients. Large histological preparations and routine preparations were used to investigate the primary lesion site, infiltration to adjacent brain, and cerebrospinal fluid (CSF) dissemination.
Introduction
The prognosis for anaplastic astrocytoma and glioblastoma multiforme patients is poor, even after cytoreductive surgery, followed by radiation therapy and/or chemotherapy. One reason is the greater ex tent of tumor cell infiltration to the brain paren chyma than indicated by computed tomography (CT). We analyzed the terminal stage of malignant glioma in autopsy brains to help define treatment strategies for this difficult disease.
Patients and Methods
Fourteen autopsy cases of malignant glioma, three anaplastic astrocytoma and 11 glioblastoma multiforme, were analyzed. There were eight males and six females with age at death ranging from 29 to 82 years. Autopsy brains were cut into horizontal or coronal sections. Brain adjacent to the primary tumor site showed extensive infiltration in seven cases into the ip silateral and contralateral hemispheres. In two cases (Cases 3 and 6), tumor cell infiltration occurred along the projection fiber to the medulla oblongata and to the cerebellar white matter. In another two cases (Cases 2 and 12), subependymal tumor cell growth was present along the lateral ventricle, third ventricle, periaqueduct, and fourth ventricle. Three cases showed moderate infiltration involving one or two lobes in the same cerebral hemisphere. Two cases showed minimal infiltration just beyond the tumor bed. Invasive tumor cells consisted of small anaplastic cells and small fibrillated cells. CSF dissemination of tumor cells occurred in the ventricular system in two cases, cerebral subarachnoid space in five, and spinal subarachnoid space in one of six cases examined. CSF dissemina tion was predominantly small anaplastic cells and small fibrillated cells. 
Representative Cases
Case 6: A 56-year-old male received an operation to remove a right frontal lobe glioblastoma, followed by 60 Gy irradiation with daily administration of human fibroblast interferon and five courses of chemotherapy, cis-diaminedichloroplatinum (II) and methyl 6-[3-(2-chloroethyl)-3-nitrosoureido]-6 deoxy-a-D-glucopyranoside.
He died 2 years later. Autopsy showed that the primary tumor site con sisted of extensive coagulation necrosis with no mass effect and a few viable tumor cells. The tumor cells had densely infiltrated into the ipsilateral and con tralateral hemispheres preserving the original brain architecture (Fig. 1) . Tumor cells also infiltrated con tinuously along the projection fiber to the medulla oblongata and cerebellar white matter. Tumor cells were a mixture of small fibrillated cells and small anaplastic cells in the densely infiltrated area demonstrating pseudopalisading of the nuclei around the necrosis. In the loosely infiltrated area, small anaplastic cells predominated.
No CSF tumor cell dissemination was identified. Case 12: An 82-year-old female presented with left hemiparesis. CT scans showed a right parietal lobe tumor. She received 48 Gy conventional fractionated radiation therapy without biopsy. She died 10 months later. Autopsy disclosed coagulation necro sis at the primary tumor site with tumor growth mainly along the subependyma of the lateral ventri cle (Fig. 2) . The tumor cells extended continuously to the subependymal layer of the fourth ventricle, and invaded the parenchyma of the medulla oblon gata. CSF dissemination had reached the lumbar subarachnoid space. The subependymal growth in the lateral ventricle consisted of astroblastic tumor cells of perivascular arrangement. The infiltrated and disseminated lesions consisted of small fibrillated cells and small anaplastic cells. 
Discussion
Our study showed that cytoreductive surgery follow ed by radiation therapy resulted in three main types of primary tumor site: 1) active tumor growth, 2) necrotic tumor and brain tissue with residual tumor cells, and 3) no residual tumor tissue. Active tumor growth might result from partial tumor removal or lower sensitivity to radiation therapy and chemotherapy.
Tumor regrowth was prominent after relatively long survival. Usually, the tumor showed mass effect.
Necrotic tumor and brain tissue were the most fre quent results. No or mild mass sign was observed. Postoperative radiation therapy and chemotherapy were effective, but a minimal residual tumor sur vived. Therefore, even when the tumor and brain became necrosed, viable tumor cells still survived around the vessels. Burger et al.') also reported such findings.
No residual tumor tissue resulted from extensive tumor removal, followed by completed radiation therapy. Survival after treatment was short, with death due to causes other than brain tumor. However, recurrent tumor and/or CSF dissemina tion might occur if the patient survived for longer.
The mechanism of glioblastoma spread is now bet ter understood.
The peritumoral low-density area demonstrated by CT may over or underestimate the extent of the lesion.`) Not only adjacent brain but also distant brain more than 4 cm from the primary tumor site may be infiltrated by fewer than 1 % glioblastoma cells at the early stage." Supratentorial tumor usually spreads anteroposteriorly, crossing the corpus callosum and thalamus to the opposite hemisphere, and caudally to the brainstem.5) Subpial and subependymal tumor cell growth also occur." In our series, patients demonstrating extensive tumor cell infiltration showed invasion along fiber tracts such as association, commissural, and projection fibers. Subependymal tumor cell growth was another extensive type of spread, and the brain parenchyma was invaded from the ventricles.
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